Calmodulin is involved in the Ca2+-dependent activation of ceramide kinase as a calcium sensor.
We recently demonstrated that the activation of ceramide kinase (CERK) and the formation of its product, ceramide 1-phosphate (C1P), are necessary for the degranulation pathway in mast cells and that the kinase activity of this enzyme is completely dependent on the intracellular concentration of Ca(2+) (Mitsutake, S., Kim, T.-J., Inagaki, Y., Kato, M., Yamashita, T., and Igarashi, Y. (2004) J. Biol. Chem. 279, 17570-17577). Despite the demonstrated importance of Ca(2+) as a regulator of CERK activity, there are no apparent binding domains in the enzyme and the regulatory mechanism has not been well understood. In the present study, we found that calmodulin (CaM) is involved in the Ca(2+)-dependent activation of CERK. The CaM antagonist W-7 decreased both CERK activity and intracellular C1P formation. Additionally, exogenously added CaM enhanced CERK activity even at low concentrations of Ca(2+). The CERK protein was co-immunoprecipitated with an anti-CaM antibody, indicating formation of intracellular CaM.CERK complexes. An in vitro CaM binding assay also demonstrated Ca(2+)-dependent binding of CaM to CERK. These results strongly suggest that CaM acts as a Ca(2+) sensor for CERK. Furthermore, a CaM binding assay using various mutants of CERK revealed that the binding site of CERK is located within amino acids 422-435. This region appears to include a type 1-8-14B CaM binding motif and is predicted to form an amphipathic helical wheel, which is utilized in CaM recognition. The expression of a deletion mutant of CERK that contained the CaM binding domain but lost CERK activity inhibited the Ca(2+)-dependent C1P formation. These results suggest that this domain could saturate the CaM and hence block Ca(2+)-dependent activation of CERK. Finally, we reveal that in mast cell degranulation CERK acts downstream of CaM, similar to CaM-dependent protein kinase II, which had been assumed to be the main target of CaM in mast cells.